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Glauconites separated from Lower Ordovician 
limestones collected near Stenbrottet, southern 
Sweden, were dated by the Rb-Sr method. Strontium 
and rubidium concentrations in the samples were 
determined by X-ray fluorescence analysis. Stron-
tium isotope ratios were determined by isotope 
analysis of strontium on a mass spectrometer. Rb-
Sr model dates were calculated with data so obtained 
and by use of the following equation derived from 
the law of radioactivity: 
where t is a date in the geologig past aud A is the 
decay constant for the decay of 7Rb to b?sr. Cal-
culated model dates were earliest Devonian to latest 
Early Mississippian. These results compare well with 
those of previous work. 
Glauconites dated in this study have not remained 
closed systems with respect to rubidium and strontium 
throughout geologic time, and are therefore not suit-
able for dating by the Rb-Sr method •. Addition of ru-
bidium to or loss of strontium from the glauconite 
crystal lattice may have resulted from allogenic re~ 
crytallization of the glauconite. Fluids which may 
have circulated through the limestone after glauconite 
genesis probably acted as a vehicle for rubidium 
addition and strontium loss. 
ii 
INTRODUCTION 
Geology of Vastergotland 
Miogeosynclinal sediments deposited in shallow 
epioontinental seas are preserved as a nearly complete 
lower Cambrian to lower Silurian sequence in Vastergot-
land, south-central Sweden (Figure 1 ). The sequence 
is deposited on Archean gneiss eroded to a sub-Cambrian 
peneplain, and overlain by a dolerite caprock which was 
originally intruded as a sill after deposition of lower 
Silurian sediments. The entire sequence in VS.stergot-
land is virtually horizontal and has a maximum strati-
graphic thickness of about 220 meters. The resistant 
dolerite caprock, together with high-angle normal faults 
which post-date sill intrusion, preserve the easily 
erodable Cambro-Silurian rocks (Figure 1 ). 
The Cambrian strata are lithologically similar 
where the sequence is preserved {Figure 2)~ These rocks 
consist of a basal conglomeratic sandstone unit derived 
from the Scandinavian Baltic Shield, which is overlain 
by a kerogen-rich unit refered to as the alum shale. 
The alum shales are intercalated with bituminous lime-
stones, locally refered to as stinkstone. 
Ordovician and lower Silurian sediments consist of 
intertongueing units of marine limestone and shale. 
Limestone cbminates the lithology southeast of Vaster-
gotland, while these rocks become shalier west and south. 
N
(b) 
Figure 1 • 
2 
b~PO ~Mrfo. 
0 IC\J 2!"0 Kiinnio+trra 
It 
I 
Sketch map of Sweden (a) with maps of larger 
scale showing Vast e rgotland and Stenbrottet 
(b), the geology near Stenbrottet (c), and 
a cross section across map (c) showing the 





Situri an, LI. Ordovician 
~ l. and M. Ordov icia n 
U. and M. Cambrian 
E·:;,·;.::.:::1 L. Cambr,an 
oSKARA 
0 2 4 6 B 
3 
Map of Mt Kinm:kulle and the B.i.Uingen-Falbygden district . Afccr H. Munthe. 
N.W. S.E. 
m.s.m. 
kinnekulle slllinqen Sl<,ovde 
300- l 200 -
A ' 
km s ,0 15 .2'0 2~ 30 35 i.o 
Thors l und, 1 960 . 
Fig. I. The distribution of 






6. Border of the Scandina-
vian Mountain Range. 
Armando, 1 97 3. 
4 
Fi gure 2. Ske tch map of S·weden showing the actual 
distribution of alum shales, and indirectly 
t he approximate distribution of Cambro-
Silurian strata. 
5 
The Lower Ordovician 
The lower Ordovician rocks in Vastergotland con-
sist of interbedded thin-bedded glauoonitic limestone 
and glauconitic shale. Deposition occurred during in-
termittent west to east transgression (Thorslund, 1960). 
Biostratigraphic division of the lower Ordovician in 
southern Sweden is based on trilobite and grapto-
lite facies-zones (Thorslund, 1960), and more recently 
by conodant zones (Lindstrom, 1971a; Bergstrom, 1971, 
1973a, 1977) (Figure 3,4). 
Sample Locality 
Lowermost Ordovician glauconitic limestone samples 
447, 448 and 449 were collected by Dr. Stig Bergstri>m 
from a quarry wall near Stenbrottet in 1966. Stenbrottet 
is located approximately 10 kilometers southeast of 
Folkoping (Figure 1c, Stop 3). The stratigraphic succes-
sion of the lowermost Ordovician at the Stenbrottet 
locality, and the equivalent stratigraphic positions 
from which the samples were collected, is illustrated 
in Figure 5. Sample 447 was collected from the top 5 cm 
of the basal Arenigian Planilimbata limestone; sample 
448 from a position 10 cm above the base of the basal 
Arenigian Phyllograptus densus zone; sample 449 from a 
position 0-1 0 cm above the top of th_e top of the Cambrian 
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MINERALOGY OF GLAUCONITE 
Chemical Composition and Internal Structure 
Glauconite is a hydrous aluminum silicate mineral 
and has the following general chemical composition: 
(Hurlbut, 1971 ). Rubidium cations, which are monovalent 
and have an ionic radius of 1 .48 A, may substitute for 
potassium cations, which are also monovalent and have 
0 
an ionic radius of 1 .33 A. This substitution of rubid-
ium cations for potassium cations takes place at the 
site in the interlayered smectite(montmorillonite)-
illite clay mineral sheet structure of potassium cation 
adsorbtion (Grim, 1968). Strontium cations may also 
occupy this positiion in the crystal lattice (Figure 6). 
Adsorbtion of alkali and alkaline earth cations onto 
the basal planes within the smectite and ~llite lattice-
layer types in the mineral glauconite occurs because 
aluminum cations (A1+3) are replacable by iron and mag-
nesium cations (Fe+3, Fe+2, Mg+2). The octahedral and 
tetrahedral sites in the crystal lattice become negatively 
charged when this replacment occurs, and adsorbtton of 
alkali and alkaline earth cations takes place at the sites 
of negative charge (Kazakov and Palevaya, 1958)0 
Genesis of Glauconite 





























































































































































































































smectite from illite-smectite mixed-layered clay 
minerals by the differences in potassium. and iron 
content in the two mineral types. Their findings 
indicate that when detrital or chemical crystal 
nuclei contain mixed-layered mica-smectites (detrital 
micas or slightly crystallized colloidal alumina or 
silica) temperature increases produce an iron-rich 
mica in the case of glauconite, and an aluminous mica 
in the case of illite. 
Logvinenko and others (1975) advocate a nmltiple-
stage genesis of glauconite in which the initial mater-
ial is a poorly crystallized single-layer hydrous mica 
of polytype 1Md with a significant admixture of a 
mixed-layered phase of hydrous mica or montmorillonite. 
This initial material contains more than 30% swollen 
layers. With time, this material transforms into a 
more crystallized single-layered dioctahedral hydrous 
mica of polytype 1M with some remaining admixture of 
the mixed layered phase of hydrous mica and monmoril-
loni te, with only 1 0-20% swollen layers. 
Sorption of Cations 
Associated with the crystochemical decrease in 
the number of swollen layers with time is a continued 
increase in the sorption of alkali (K, Rb) and alkaline 
earth (Sr) elements (Hurley et al., 1960). Hurley and 
M
12 
others noted both the associated occurrence of in-
creased alkali-fixation (Rb, K) with a decrease in 
the percentage of expandable layers in lower Paleozoic 
glauconites, and that common strontium is adsorbed to 
the basal surfaces of the expandable (smectite) layers 
and is easily removed by exchange. 
Hurley and others (1960) observed that the potas-
sium content of glauconites is inversely proportional 
to the percentage of expandable layers. When the per-
cent of expandable layers decreases from an initial 30% 
to 10-20% with time, the potassium content increases. 
This observation is significant in that since rubidium 
may substitute for potassium in glauconite, it now be-
comes reasonable to assume that the rubidium content 
also increases with time. 
ANALYTICAL HETHODS 
Introduction 
Age determinations by the Rb-Sr method of dating 
require measurement of the concentration of rubidium 
and str·ontiu..m, and of the 87 Sr/86sr ratio of the min-
eral. The concentrations can be determined by X-ray 
fluorescence, while the 87sr/86sr ratio is determined 
by isotope analysis of the strontium by mass spectrom-
etry. 
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m
13 
glauconite is calculated by use of an equation deriv-
ed from the law of radioactivity : 
(1 ) 
where t is a date in the geologic past, A is the de-
cay constant for 87Rb equal to 1.42 x 10-11 y-1 (Neumann 
and Huster, 1974), 87sr/86sr is the ratio of strontium. 
isotopes at the time of the analysis, (87sr/86sr) 0 is 
the initial ratio of 87sr/86sr at the last time the 
glauconite crystal lattice became closed to rubidium 
and strontium, and 87Rb/86sr is the ratio of 87Rb to 
86
sr in the sample at the time of the analysis. 
The calculated date, t, is the 'age' of the miner-
al only if: (1) the glauconite has remained a closed 
system with respect to rubidium and strontium; (2) the 
assumed value of the initial 87srJ86sr ratio is appro-
priate, and (3) the analytical results are- accurate and 
representative of the material to be dated (Faure, 1977). 
Since glauconite is initially formed authigenically in 
a marine environment (Grim, 1968; Logvinenko et al., 
1975; Velde and Odin, 1975), the initial 87sr/86sr ratio 
is assumed to be equal to the 87sr/86sr of the marine 
water in which the mineral formedo The initial 87sr;86sr 
ratio for glauconite samples analyzed in this study is 
assumed to be identical to that of marine carbonate rocks 
p
14 
of lower Ordovician age. An average 87sr;86sr ratio 
of 0.708 has been obtained from analyses on a few 
carbonate rocks of lower Ordovician age ( Faure et al., 1978). 
This value was substituted into equation {1) during 
the calculation of t. 
The value of the 87Rb/86sr ratio at the time of 
analysis -was calculated by use of the following equa-
tion: 
(2) 
where {Rb/Sr) is the ratio of the total concentration 
of rubidium and strontium in parts per million in the 
sample as determined from X-ray fluorescence; Ab87Rb 
is the isotopic abundance of naturally occurring 87Rb 
equal to 27.8346 atom percent; WSr is the atomic weight 
of strontium in the sample as determined from the iso-
tope analysis; Ab86sr is the isotopic abundance of 86s~ 
in the sample as determined from isotope analysis; and 
WRb is the atomic weight of Rb equal to 85.46776 amu 
{Catanzaro et alo, 1969). The date in the geologic 
past when a given glauconite grain became a closed 
system to rubidium and strontium may be calculated 
after the rubidium and strontium concentrations and the 
B7sr/86sr ratio are measured. 
X-ray Fluorescence Calibration 
Strontium and rubidium concentrations°'in the 
8 S
15 
glauconite samples could be determined only after 
the spectrometer was calibrated. Calibrations were 
made with u. s. Geological Survey rock standards: 
G-2, GSP-1, BCR-1, AVG-1, and W-1 (Flanagan, 1973),, 
and intralaboratory monitor 48R3.* A Diano Corpora-
tion XRD-6 air path spectrometer using MoK-alpha 
radiation, a LiF diffracting crystal cut parallel to 
the (220) crystallographic plane, and a scintillation 
detector, was operated at an accelerating voltage of 
65 KVP and a current of 45 ma, with a Sollev slit 
setting of 0.10 inches. The instrument was allowed 
to stabilize at these operational settings prior to 
actual analyses. Care was taken to insure that inter-
nal alligmnent of the LiF diffracting crystal was 
correctly adjusted to 35.85 degrees two theta (Table I, 
Figure 7). 
Intralaboratory monitor 48R3 was analyzed before 
and after five consecutive sets of three U.S.G.S. rock 
standards in order to monitor drift in the instrument 
settings during the calibration. Peak and baseline 
intensities, as well as the MoK-alpha Compton scattered 
intensity (:MoK.,..C), were measured for each rock standard 
and monitor 48R3 for specified periods of time and 
degree-2e values as shown in Table 2. }atrix correc-
tions were made by dividing the net Sr and net Rb 
~:- Coldwell Complex syeni te, north shore o:r Lake Superior 
M
16 
Table I. Internal alligrunent o'£ the LiF di'£'£racting 
crystal was checked by recording intensity 
counts at goniometer settings slighty above 









638 647 644 
639 708 768 
750 747 725 
742 751 757 
737 752 753 








Table 2. Peak and baseline intensities, and MoK-alpha 
Compton scattered intensity, o'£ '£luoresced 
X-rays from each rock standard and monitor 
48R3 measured during calibration. 
X-ray Intensity Degrees 20 Count Time (sec) 
MoKo<.C 30.00 100 
Baseline 1 35.20 100 
SrK°' 35.85 200 
Baseline 2 36.50 100 
Rb:K.t 37.99 200 
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intensities by the intensities of Mo~C (Reynolds, 
1963). Matrix-corrected values of net Sr and net Rb 
were multiplied by an instrument drift correction 
factor, f. The drift was assumed to have 
been linear between matrix-corrected values of net Sr 
and net Rb peak intensities of monitor 48RJ, and drift 
correction factors were found by interpolation of net 
Sr/MoK~C or netRb/MoKocP values for anytime t during 
the analysis. The arbitrarily chosen values of net Sr/ 
Mo~O and net Rb/MoKoc.0 to which the drift correction 
factors were interpolated were 0.3150 and 0.1325, re-
spectively (Figure 8). 
Calibration equations were determined by least 
squares regression analysis; the regression lines were 
forced through the origin (Figure 9, 10). This analy-
si3 yielded the following calibration equations: 
Sr ppm = 
Rb ppm = 
610.1+68{net Sr}c + 0.039 
:MoK°'C 




where (net Sr/MoK«><C) 0 and (net Rb/HoKoc.C) 0 are matrix-
corrected values of net Sr and net Rb peak intensities 
corrected for instrument drift. Calibration equations 
(3) and (4) were used to calculate Sr and Rb concentra-
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X-ray Fluorescence of Glauconite 
Glauconite was separated from the limestone host 
rock by grinding in an iron mortar and pestle to a 
particle size of -60 to +120 mesh per inch. Glauconite 
from this size fraction was separated magnetically and 
subsequently powdered in a clean agate mortar until 
the powder passed a -200 mesh sieve. Approximately 
3 grams of powdered glauconite, backed by 6 to 7 grams 
of boric acid crystals,was compressed into a pellet in 
a hydraulic press. These pellets are suitable for 
study by X-ray fluorescence. Samples 447, 448 and 449 
were analyzed in the same manner as were the u.s.G.S. 
rock standards during the calibration. Intralaboratory 
monitor 48R3 was analyzed before and after two sets of 
all three glauconite samples twice, for a total of four 
sets of data per sample. Instrument drift was again 
assumed to have been linear between values of matrix-
corrected net Sr and net Rb of the monitor. Drift 
correction factors used for correcting glauconite sample 
values of matrix-corrected net Sr and net Rb were inter-
polated from the graph shown in Figure 11. Rubidium 
and strontium concentrations are listed with 87Rb/86sr 
and 87sr;86sr ratio values in Table 3. 
Strontium Isotope Analysis 
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Figure 11 • Graph from which drift correction factors ' 
used for correcting glauconite sample 
values of matrix-corrected net Sr and net 
Rb were obtained. The arbitrarily chosen 
values of net Sr (0.3150) and n e t Rb (o.1325) 
to which the drift correction factors were 
interpolated are necessarily the same as 


































































































































































































































was used to measure 87sr;86sr ratios. A pure stron-
tium salt was obtained by dissolving powdered glaucon-
ite in acid, isolating the Sr in solution with cation 
exchange chromatography, and evaporating the resultant 
solution onto a tantalum filament. This filament was 
then used as a solid source for Sr isotopes in the 
mass spectrometer. 
The mass spectrum of strontium was traced on a 
linear strip chart recorder at a constant scan rate. 
Figure 12 shows an example of a representative mass 
spectrum of strontium obtained from glauconite 447. 
The peak height above the baseline is proportional to 
the abundance of the strontium isotope represented by 
the peak. 
Rb-Sr lfodel Date Calculation 
Calculation of Rb-Sr model dates for glauconite 
samples used in this study is facilitated by substi-
tuting data from Table 3 into equation (1 ). Sample 
447 illustrates the calculation: 
t = ln ~7sr;86sr - (87sr;86sr)o 
A \__ 87Rb/86sr 
(1 ) 
t441 = 1.42 x ~g_,,y_, ~·94~:s4s~S1oa 
t44? = 3.27 x 108 years. 
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~ound in Table 3. 
RESUL'rs AND INTERPRETATIONS 
Comparison with Previous Work 
28 
Rb-Sr age determinations made on glauconites from 
this study compare favorably with previous age deter-
minations made on glauconites from the Stenbrottet lo-
cality (Figure 13). The average measured Rb concentra-
tions from glauconites in this study are 9~ lower than 
those of the earlier work. Conversely, the average 
measured Sr concentrations are 24~ higher. Possible 
explanations for these discrepancies include: (1) the 
analytical methods used in this study differed markedly 
from those used in the earlier studies; (2) the samples 
were not collected from exactly the same positions in 
the quarry; or (3) the samples, as analyzed, differed 
in purity. 
Rb-Sr Isochron Diagram 
Model dates calculated in this study and an Early 
Ordovician reference isochron are plotted together on 
the Rb-Sr isochron diagram in Figure 14. The assumed 
Early Ordovician age of 485 million years was based on 
the work of Holmes(1959), Kulp(1961 ), Harland(1964), and 
Armstrong and McDowall(1974). Glauconites which form-
ed 485 million years ago that have remained closed sys-
tems with respect to rubidium and strontium would plot 





Table showing datafrom earlier Rb- Sr age determin-
ations made on glauconites from the Stenbrottet 
locality. 
Sample Rb ppm Sr ppm Rb/Sr SrIR date 
Herzog et al. G-11 307 16.7 18.4 375±29 my* 
1958 
i 
Hurley et al. G-3212 307 
1960 




447 281 .695 18.389 15.3 327 myi:-.":-* 
448 284.385 26.168 10.9 395_my 
411-9 279.122 21 .273 13.1 376 my 
Average this 281.730 21.943 12.8 - 366 my 
study 
~} /\ = 1 .47 x 10-11 y-1 
~H~ A = 1 • 3 9 X 1 0-11 y-1 
~HHl- /'I = 1 .42 X 1 o-11 y-1 
/.2()t:lO 
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Figure 14. Rb-Sr isochron diagram. Minerals which 
became closed systems to Rb and Sr 485 
million years ago and have stayed closed 
to Rb and Sr since formation should plot 
on the Early Ordovician reference isochron. 
Glauconite samples ll-47, 448 and 449 all 
plot below the reference isochron, and 
indicate loss o~ Sr or gain or Rb or both 
since initial closure to Rb and Sr at the 
timA of' mineT'al f'ormat;·on-e ati .larii
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on the reference isochron. All three glauconites 
from this study have ages which are lower than that 
of the reference isochron, and therefore are plotted 
below it. Obviously, glauconites l.W-7, 448 and 449 
have not been closed systems as required for dating. 
Addition of Rb 
Because Rb behaves chemically like K, several 
statements may be made in regard to the addition of 
Rb to glauconite. Rb may be added to glaueonite by 
cation fixation, and occurs in illite minerals by the 
emplacement of Rb between basal surf aces of the crystal 
lattice layers in the positions normally occupied by 
Rb or K (after Grim, 1968). Dehydration of glauconite 
tends to increase the fixation of Rb also (after Grim, 
1968; Logvinenko et al., 1975; Velde and Odin, 1975). 
Glauconite could absorb Rb from any aqueous solution, 
including near-surface ground water, which carried Rb 
ions (Cooper et al., 1971 ). 
Well-ordered micaceous minerals contain more Rb 
than do those micaceous minerals having less order in 
their structures (after Burst, 1958a). Hurley and 
others (1960) observed that Early Paleozoic glauconites 
consisted of approximately 10% expandable layers, while 
'younger 1 glauconi tes cormnonly have up to 30~ ex-
pandable layers in their crystal structures. This 
evidence suggests that glauconite pellets continue to 
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develop into better-ordered mineral grains over long 
periods of time. The accompanying increase in non-
expandable layers at the expense of expandable layers 
creates basal surface area in the stacked mica sheet 
lattice structure to which Rb could become adsorbed. 
This mechanism for Rb adsorbtion over time may explain 
the observation made by Hurley and others (1960) that 
Early Paleozoic glauconites which have 10-20% fewer 
expandable layers than did younger glauconites used in 
their study yielded Rb-Sr ages that were 10-20% lower 
than ages obtained from muscovites in the same rocks. 
Nore recent work suggests that this mineralogical 
ordering over time in glauconites involves the allogenic 
formation of illite layers (non-expandable) in the mixed-
layered structure at the expense of the dehydrating 
smectite layers (expandable). Rb would be gained ~ver 
time as glauconite tended to become more purely crys-
talline and less hydrated (Hurley et al., 1960; Hower~ 
1961; Owens and Sohl, 1973). 
Loss of Sr 
Common Sr adsorbed onto basal surfaces of the ex-
pandable lattice layers in glauconite is roughly pro-
portional to the abundance of these layers and is easily 
removed by exchange (Hurley et al., 1960). Ionic ex-
change is facilitated by deep burial, tectonic deforma-




Cooper and others (1971) state that Sr could be 
absorbed from, or lost to, ground water in situ, or 
to any aqueous solution. Removal of Sr from glaucon-
ite reduces the calculated model date. 
Increased temperature enhances the loss of Sr be-
cause hydrated layers in the crystal lattice expand as 
energy is added to the system, while concurrent increases 
in ion mobility facilitate Sr loss. 
Radiogenic 87sr might be lost in light of simul-
taneous Rb fixation. Recall that the ionic radius of 
Rb (1.48 A) is larger than that of Sr (1.13 A). The 
larger ionic radius of Rb adsorbed in the glauconite 
grain interiors might prevent or hinder its desorbtion, 
while radiogenic 87sr produced from the decay of Rb 
could remain mobile because of its relatively smaller 
size. Addition of Rb to glauconite grain exteriors from 
aqueous solution could occur while Sr was being lost 
from the same grains. 
CONCLUSION 
Glauconites from Lower Ordovician limestone near 
Stenbrottet, Sweden, are not suitable :for dating by 
the Rb-Sr method. Indeed, the mineral glauconite it-
self may not be suitable for dating by this method. 
The work of geochemists and clay mineralogists has 




become more purely crystalline over long periods 
of time. During this gradual recrystallizatio~ 
of glauconite, the amount of potassium and rubidium 
tends to increase, while strontium may be lost. 
Alteration of the initial rubidium and strontium 
isotope ratios, or of subsequent ratios produced by 
the decay of 87Rb to. 87sr, ~enders model date numbers 
obtained by the Rb-Sr method meaningless. Dates ob-
tained on glauconites in this study are in agreement 
with with those reported from previous work. The re-
ported dates, together with those obtained from this 
work fall between earliest Devonian and latest Early 
Nississippian time. 
The temptation for speculating on the resetting 
of the glauconite systems by tectonic deformation 
associated with the Acadian Orogeny should, perhap~, 
be avoided, because although this event may have 
affected great areas of the Scandanavian Baltic Shield 
and Lower Paleozoic sediments, the Cambro-Silurian 
sequence of rocks of southern Sweden is presently 
nearly horizontally bedded and lacks major folding. 
A more convincing hypothesis for the cause of the low 
dates involves the circulation of fluids through the 
limestone host rock. Circulating fluids of either 
high or low temperature could have had an effect on 
the isotope ratios in the glauconites, and thereby 




associated with the intrusion of the post-lm·rer 
Silurian sill contributed to the alteration of the 
rubidium and strontium isotope ratios. 
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If circulating fluids did play a role in adding 
rubidium to or removing strontium from the glauconites, 
then it becomes interesting to note that the degree to 
which they were altered was apparently independent of 
their vertical position in the stratigraphic section. 
A comparison of Figlilre 15 with Figure 5 supports this 
observation. The relative amounts of rubidium and 
strontium in each sample is expressed as a ratio of 
concentrations. This is plotted against time in 
Figure 15. Note that the ages do not decreased up section as 
would normally be expected. The Rb/Sr concentration 
ratio appears to be independent of vertical position 
in the section. This observation suggests the mechan-
ism by which the glauconites had their relative con-
centrations of rubidium and strontium altered varied 
laterally through the bedding. Perhaps this was con-
trolled by local lateral and vertical variation in 
permeability. 
Serious consideration of temperature increase 
as an isotope ratio altering mechanism is difficult, 
because such data for the Stenbrottet and surrounding 
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Figure 15. Rb/Sr concentration ratio of glauconites 
plotted against time. 
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avaiable. However, asphaltite blebs occur in the 
Cambrian alum shale 70 kilometers west of StenbrOttet, 
and waxy petroleum residues occur in this same unit 
only 10 kilometers to the west {Thorslund, 1960). 
This meager evidence tends to suggest the presence of 
either a regional source of heat at some unknown depth, 
or that the region was deeply buried at one time or 
another in the geologic past. Heat in the a1um 
shales must have been great enough for distillation 
of organic material accumulations. The question of 
wether the glauconitic limestones from Stenbrottet were 
subjected to a heating event which may have affected the 
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